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The principal result of this paper is the demonstration of a method for measuring an index of (e.g.) nominal GNP over
extended periods of time and the inequality thereof. ‘Snap shot' inequality for specific points in 1964, 1972 and 1980 is also
reporied and decomposed for six subgroups in 122 countries.

1. Introduction

The traditional practice of measuring inequality at specific points in time has long been subject to
the criticism that such ‘snap shots’ reflect too many transitory effects. For a few countries atlempts
have been made to compute a measure of individuals’ life or permanent incomes and the inequality in
the distribution of such a measure. For example, while primarily concerned with *mobility’, Shorrocks
(1980) computes U.S. inequality in the rotal sum of incomes over the period under study in the
Michigan Panel Study of Income Dynamics. Here we compute four different aggregate measures of
GNP (and per capita GNP) over the period 1964-1980. One of these measures corresponds roughly
to the simple sum of GNP's, but the other three allow for different levels of substitution of GNP at
different points in time. A further nuance here is the application of four different members of the
Generalized Entropy (GE) class of decomposable inequality measures to international data. An
extensive study considering several welfare attributes in addition to GNP is reported in Maasoumi
and Jeong {1985).

The method of aggregation or averaging of incomes used here is based on the information theoretic
approach of Maasoumi (1985). This technique is briefly discussed in the next section. The desirability
and properties of the GE measures is discussed in the axiomatic treatment of Shorrocks (1984). This
family includes both of Theil’s measures and members which are ordinally equivalent to such other
well known indices as coefficient of variation, Herfindahl, and the class of measures proposed by
Atkinson (1970).

With developmental and geographical considerations in mind, the 122 countries in our sample
were divided into six exclusive and exhaustive subgroups. Inequality was then decomposed into the
between- and average within-group inequalities in order to present a more informative account of
world inequality and its sources. Since the traditional approach is a special case of ours, we are able
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to report inequalities for each of the constituent years (1964, 1972 and 1980), and to observe an
increasing trend in inequality with between-group inequality being the dominant source in general.

2. Technical summary

Let X, be the ith country’s GNP at time ¢, i=1,...,N, and /=1,...,T. Let X=(X,) and
x =(x,) denote the welfare and share matrices, respectively, where x, =p, X, /" p, X, and p, is
the population share of the ith country.' According to a generalized information measure of
‘divergence’, given in Maasoumi (1985), S, = h,(x,,,.... x,;) is an ‘ideal’ aggregate or average of the
arguments of #, when

T /B
S,=ha(2a,x,,ﬂ] . B+#0or -1, (1)

=1

with a, being the evaluator's weights given to income at time 7 such that ¥ & = 1. The harmoni¢
mean in eq. (1) is of course also a CES utility function with e =1/(1 + 8). § o [1,x% and the linear
S, ¥, a,x, obtain, when generalized Kullback—Leibler measures (=0 and — 1, respectively) are

the underlying information criteria.
The GE family of inequality measures may be defined as follows:

L(S)=Xpl(st/p) T 1] /vy +1),  y=0, -1, (2)

(Theil’s second) =3 p, log p,/S?, y=-1,

(Theil’s first) = }_ S* log S* /p.. y=0,

where $* =p S, /L., p,S,. The following type of decomposition is also available only for the GE
family among the class of all measures that are scale invariant, symmetric and satis{y the Pigou-Dal-
ton principle [see Shorrocks (1984)]. Let there be R groups, ¢,, r=1,..., R, containing N, countries,
and with population and attribute shares denoted by P, and S,. respectively. Then

R
1(S)=1(8)+ 2 P7'S}*"I(S"). (3)

r=1

1 (S.) denotes the between-group inequality, while the second term is a weighted sum (average, when
y =0 or —1) of the inequalities within each subgroup (1,(S")). When y = —(1 + 8), Propositions 1
and 2 of Maasoumi (1985) demonstrate that *

' Usually p, =1/N is used. We report calculations using both 1/~ and the aciual population shares. We will distinguish the
two sets of figures as, respectively, sample weighted (SW) and population weighted (PW) entries in our tables.

? The difference between the two sides of eq. (4) is a decreasing function of the minimum values of the information criteria
that define S,. As such, it may be considered as a measure of ‘fit* of the aggregate distribution to those of the T constituent
distributions. All the computations reporied here are under this second decomposability condition (y =1 — 8). Fuller detail
is given in Maasoumi (1985),
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r
1(S)< ¥ p J(X)=1 say. (4)

=]

where L u, =1 only when y=0 or —1. We conclude this section by noting that, (i) the most
unambiguous decompositions in eqs. (3) and (4) are given by Theil's second measure (y= —1).
particularly when S, is the Cobb-Douglas aggregator function. and (ii) the weights a, are computed
here as the normalized elements of the characteristic vector of x'x corresponding to its largest
characteristic root. See Ram (1982) for an application of the Principal Component (PC) method of
obtaining ‘composite indices’ or aggregates of several attributes. >

3. International inequality

In our application we computed a as described above over the three points, ¢ = 1964, 1972 and
1980. S, was computed as defined in eq. (1) for four values, ¢ = 3, 1 (Cobb-Douglas), 2 and ac
(linear). We computed the inequality in these four aggregates by four members of GE identified by,
respectively, y= —2, 1 (Theil's second), — § and 0 (Theil’s first). Sample weighted (SW) computa-
tions, with the PW figures (see footnote 1), are given in each table. Since population changes over
time, the PW figures are based on the geometric mean of a country’s population in 1964, 1972 and
1980. The latter figures as well as per capita GNP were taken from the World Bank (1966,1974,1982).
The World Bank Atlas (WBA) method was used to obtain GNP figures in current U.S. dollars. * Of
the 125 countries with one or more millions in population, the data for three were not available in at
least two of our chosen dates. °

Table 1 summarizes the group shares in population, GNP and the four aggregate GNP indices. By
definition, when PW weights are used, we obtain GNP shares, and when SW weights are used we
obtain the per capita GNP shares.

The following correlation matrices suggest that there is strong autocorrelation in the GNP series
which, nevertheless, declines with time:

Correlation - GNP per capita Correlation - GNP

1964 1972 1980 1964 1972 1980
1964 1 0.985 0.892 1 0.994 0.945
1972 1 0.926 1 0.970
1980 1 1

Table 2 summarizes the inequality values (4) for each of the four GNP aggregates as well as inequality
in each of the three constituent years. Table 3 gives the same results for per capira GNP shares (i.e.,
with p,=1/122). The first three rows of table 2 confirm the following observations:

¥ Computing the vecor a={a,,..., ;) in this manner, it is the case thal a'x = L, a,x,, is the 1st PC of the x matrix. and thus
accounts for the largest part of variation in x. Not susprisiagly. the &,’s are almost identical in our apphcation. hence a’x
amounts roughly 10 a simple average of GNP, while [1,x/}' is close to 11s ‘zeometric mean.

4 Over the three years, weighted averages of domestic GNP defators, implicit U.S. GNP deflator, and of exchange rates were
used. The UN International Comparison Project (iCP) method was not used because of data problems. See Kravis et al.
(1978) for a description of the [CP.

% 1964 is the earliest data for which per capita GNP figures were available. and 1980 is the last date (before the conversion
process changed) these figures were given by the World Bank for non-member countries.
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Table 1
Share distribution of population and GNP per capila over time (lotal = 100),

Population share GNP share © Sk

1964 1972 1980 1964 1972 1980 (o=} (a=1) (e=2) (a =)

PW
Africa 72 7.8 3.4 1.7 1.7 2.1 1.7 18 18 1.8
Asia 263 215 28.1 47 36 4.0 40 4.1 41 41
Mid-east 49 54 5.6 23 2.7 5.0 29 31 3.2 34
L. America 69 15 7.8 44 5.0 5.7 5.1 5.1 5.1 5.0
Ind. market 191 18.1 16.4 64.21 614 64.9 65.7 656 65.6 65.5
Non-market  35.7 337 337 225 196 18.4 20.6 204 20.2 20.1
PW

Alfrica 7.8 20 1.6 1.8 18 18 18 1.8
Asia 273 5.2 3.7 37 3.9 41 4.1 41
Mid-east 53 2.6 2.7 44 29 3.1 31 3.3
L. America 74 5.0 5.0 5.0 5.1 5.1 5.0 5.0
Ind. market 178 62.9 67.3 66.5 £5.6 65.7 65.7 65.6
Non-market 34.4 222 19.8 18.6 20.6 204 20.3 20.1
SW

Africa 270 6.4 56 41 5.2 5.3 53 53
Asia 123 40 40 42 4.0 40 40 41
Mid-east 14.8 13.7 137 18.4 14.0 14.6 15.0 15.3
L. America 17.2 126 113 9.1 1.0 11.0 11.0 10.9
Ind. market 15.6 48.6 527 53.3 53.0 524 520 51.6
Non-market 13.1 148 126 108 12.8 12.7 12.7 127

® The PC weights are, respectively, 0.32, 0.33 and 0.35, i.e., roughly equal weights for GNP in the three years. Captured
variation was 99.9%.

® The PC weights used for this weighted geometric mean population were 0.34, (.33 and 0.33, Captured variation was 94.9%.

¢ The (mean, standard deviation) of per capita GNP for the three years are, respectively, (477.3, 604.6), (915.8. 1171.0) and
(3036.0. 4120.0).

(i) International inequality has increased over time according to every inequality measure (v} used.
Inequalily in aggregate GNP (1 (5)) and for each year decreases with increasing values of ¢ and
y. This is 10 be expected as —y is the ‘degree of constant relative inequality aversion’ in the
inequality measure. Thus Theil’s first measure provides the lowest (but still high) inequality
levels.

(i} Except for F_,(80), between-group inequality is always larger than the average within-group
inequality, often by a factor of 2:1 or more. Between-group inequality decreases somewhat,
while within-group inequalities decrease noticeably with increasing values of (o, v). (The biggest
within-group inequality is that of the non-market countnies which reflects the diversity of such
nations in our grouping.) This further reveals the importance of the between-group inequality as
the primary source of total international inequality in GNP.

(iii) Concerning the aggregate measure, / (S), it conforms to every pattern noted in (i) and (i)
above, and is thus a very reliable summary measure. The upperbound values, I, suggest an
excellent fit of the S, series to the GNP over this interval which is clearly robust to changes to ¢
as well as y. In this respect only I {72) is seen to perform as well, while /, (64) or / (80) can give
a misleading picture of inequality levels for this time interval. The advantage of /,(§) is that it is
not a ‘snap shot’ and hence can be used to evaluate inequality over extended periods of
accounting.
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In table 3, observations (i) and (iii) hold withoul significant change. While average within-group
inequalities are about the same as in table 2, the composition of within-group inequalities has
changed somewhat, with greater inequality within the Asian and Mid-East countries. This is to be
expected given that we are now dealing with per capita GNP shares. In one case (y = —2) the
average within group inequalities are even larger than the corresponding between-group terms. This
can be seen 1o be essentially the consequence of a substantial increase in inequality within the
non-market and Asian nations between 1964 and 1980. For any given year and, reassuringly, for the
aggregate measure, inequalities decline with increasing values of y, but there is relatively more
stability in the between-group inequalities than in the within terms as y increases to zero. /,(72)
again does well in mimicking /,(S), while 7 (64) and J_ (80) do not. Finally, both between and within
inequalities have increased over time.

4, Conclusion

We have provided an account of international inequality which is, in its broad outiine, quite robust
to the particular inequality measure chosen or the GNP aggregate adopted over the three dates. Our
decompositions convey much more information than can be analysed in this space.
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